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LHC Luminosity Upgrade
Why and When?

HEPAP* put R&D for a luminosity upgrade in its highest priority category:
The science of extending exploration of the energy frontier with the LHC accelerator and 
detector luminosity upgrades is absolutely central. The R&D phase for these will need to 
start soon if the upgrades are to be finished by the present target date of 2014.

*High-Energy Physics 
Facilities of the DOE Office of 
Science Twenty-Year Road 
Map, HEPAP report to the 
Director of the Office of 
Science, 17 March 2003.
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CERN Planning for Luminosity Upgrades

Roger Cashmore at the LHC Symposium, Fermilab, May 2003
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Why Should We Work on a
Luminosity Upgrade?

Advance High Energy Physics
• Help bring the LHC on and up to design performance quickly.
• Improve LHC performance by advances in understanding and instrumentation.
• Use LHC as a tool to gain deeper knowledge of accelerator science and 

technology.
• Extend LHC as a frontier HEP instrument with a timely luminosity upgrade.
Advance U.S. Accelerator Science and Technology
• Keep skills sharp by helping commission the LHC.
• Conduct forefront AP research and development.
• Advance U.S. capabilities to improve the performance of our own machines.
• Prepare U.S. scientists to design the next generation hadron collider.
• Develop technologies necessary for the next generation of hadron colliders.

Advance International Cooperation in the High Energy Accelerators
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LHC Upgrade Scenarios

See also O. Brüning et al., LHC Luminosity and Energy Upgrade: A Feasibility Study, LHC Proj. Rpt 626, Dec 2002. 
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Phase 0 – Maximum L without Major Upgrades 
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Additional L Upgrade Routes
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Major System Upgrades

A x10 luminosity upgrade requires upgrades to a number of accelerator 
systems:
• Interaction regions

=> smaller *,    larger crossing angle,   fewer parasitic collisions.
• RF system

=> shorter bunches or crab cavities or superbunches.
• Instrumentation, diagnostics, feedback systems

=> understand and deal with instabilities limiting beam current.

The US LARP intends to 
• Play a leading role in the development of new IRs.
• Make significant contributions to required diagnostics and feedback.

We are exploring how the US might contribute to RF system upgrades.
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New IRs: The Major US Role in 
R&D for a Luminosity Upgrade

Quads 1st Dipoles 1st

Quads between Twin Quads 1stTwin Dipole 1st
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Key IR Parameters*

BaselineLuminosity UpgradeParameter

0.3 mrad~0.5 mrad (single bore 1st)
~7.5 mrad (twin bore 1st)Crossing angle

2.75 T15 TDipole Field

80 mm135 mm (dipoles 1st)
75 mm (twin dipoles 1st)Dipole Aperture

5 km15 km (quads 1st)
23 km (other layouts)

max

50 cm25 cm (dipole 1st)
10 cm (twin quads 1st)*min

10 T15 TPeak field for Gmax

70 mm100 ~ 110 mmQuad Aperture

* J. Strait, et al., Towards a New LHC Interaction Region Design for a Luminosity Upgrade, PAC2003. 
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Accelerator Physics for Luminosity Upgrade

Accelerator Physics for luminosity upgrades is the earliest AP activity.
• It informs the type of upgrade that can take place.
• It is necessary to guide the magnet R&D program, which must be 

launched soon and must be launched on the right path.
• Close cooperation with CERN required.

Currently planned work:
• Interaction region optics.
• Energy deposition.
• Beam-beam calculations.
• Interaction region field error compensation.
• Beam loss scenarios.
• Effects of and requirements for other machine upgrades.
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• Magnet R&D will eventually become the largest part of the US LHC
Accelerator Research Program.

• Plan to pursue R&D on both quadrupoles and dipoles:
– Quads with the largest possible aperture[1] with Gop > 200 T/m, 

required for any new IR.  (FNAL + LBNL)
– Large-aperture dipoles for the extreme radiation environment[2] of a 

dipole-first IR.  (BNL + LBNL)
– Vigorous program to develop Nb3Sn magnet technology is required. 

• Deliverables will be successful R&D, leading to accelerator-ready
magnet design(s), ready for production on the time scale required for 
for a luminosity upgrade.

• This work is a stepping stone to the magnets required for the next, 
higher energy hadron collider.

Magnet R&D for a Luminosity Upgrade

[1] A.V. Zlobin, et al., Aperture Limitations for 2nd Generation Nb3Sn LHC IR Quadrupoles, PAC2003. 
[2] N.V. Mokhov, et al., Energy Deposition Limits in a Nb3Sn Separation Dipole in Front of the LHC High-

Luminosity Inner Triplet, PAC2003.
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Strategy for Luminosity Upgrade R&D

• FY2004-05:
– Accelerator physics studies of IR issues.
– Magnet design studies, to identify feasible designs and critical R&D 

issues.
– Start technology R&D focused on critical topics.

• FY2006-09:
– Model magnet R&D to develop quad and dipole technologies and 

learn what are feasible goals for IR upgrade designs.
– Continue focused technology development.
– Continue AP studies, including beam studies with LHC.
– Choose IR design for upgrade by end of 2009.

• FY2010-12:
– Develop final designs to production ready state.

All work to be done in close collaboration with CERN.
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Energy Upgrade?

We expect that our science will require a higher energy hadron collider,
once the LHC has been fully exploited.
A higher energy machine in the same tunnel is one option.
• Virtue of an “energy doubled” LHC: Uses CERN infrastructure.
• Concerns: 

– It will be expensive and require a long shutdown.
– Nb3Sn fundamental properties limit energy step to only < x1.8 .

HEPAP has set a lower priority on an energy than a luminosity upgrade:
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R&D Towards Higher Energy

The US Labs are the world leaders in Nb3Sn magnets, the enabling 
technology for higher energy hadron colliders – EDLHC or VLHC.

Implementing the new IRs for a luminosity upgrade will be an important 
step in developing this technology for the colliders of the future.
– The first use of Nb3Sn magnets in a high energy accelerator.
– In some respects they are more challenging than the main magnets of

an EDLHC or VLHC.

Key issues for main magnets for a future hadron collider are being 
addressed by the base program:
– Push to the highest possible field (e.g. the LBNL program).
– Develop economical production techniques (e.g. the FNAL program).
– Explore alternate technologies and materials (e.g. the BNL program).
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Conclusions

• A Luminosity Upgrade is a high priority goal both for US HEP 
and for CERN.

• The US Labs can play (and are playing already) a leading role in the 
R&D towards the Luminosity Upgrade.
– AP studies of key machine issues and of new IR designs.
– Magnet R&D for new IRs.
– Development of instruments to understand and overcome beam 

limitations.

• The R&D on the Luminosity Upgrade by the US Labs will
– Bring the upgrade into being sooner.
– Strongly advance our capabilities in accelerator science. 
– Develop the technologies required for any future higher energy 

hadron collider.


